A Child's Flashlight and
RC Circuit Concepts
Matthew J. Moelter and Rand S. Worland
Department ofPhysics, University of Puget Sound, 1500 North Warner, Tacoma, WA 98416;
moelter@ups.edu, worland@ups.edu

A

Playskool® child's flashlight 1
can serve as an effective "real
world" device for students to develop
their understanding of dc circuit con
cepts, specifically multiloop configura
tions, switches, and RC time constants.
Last year, as the final exercise in the dc
circuits portion of our introductory
physics lab, our students analyzed and
modelled a child's flashlight whose
relevant feature is that the bulb dims
quickly (== 20 s) when left on, thus sav
ing the batteries. The dimming of the
bulb is suggestive of an exponential de
cay that may be modelled by an RC
circuit. The exercise described here
could be incorporated into any lab cov
ering RC circuits. 2
The child's flashlight has behavior
that is complex enough to be interesting,
but can be modelled quite simply using
resistors, capacitors, and switches. The
flashlight, shown in Fig. 1, has two
switches. The "main" is a two-position
switch; the "handle" switch is of the
spring-loaded momentary type. A few
minutes of careful observation show
that the flashlight exhibits the behavior
summarized in Table I. For the last com
bination (main switch forwardlhandle
switch down) the bulb behavior depends
on the order in which the switches are
thrown. If the main is moved forward
first and then the handle is moved up and
released, the bulb lights and then dims
gradually over roughly 20 s. Any other
sequence leading to the forward/down
combination will not light the bulb.
Our classes perform a five-week se
quence of labs investigating dc circuits.

Fig. 1. Child's flashlight with the two switches labeled.

In the first week students do a qualita
tive analysis of successively more com
plex combinations of batteries and
flashlight bulbs (PR_2)3 to get a feel for
series, parallel, and combination cir
cuits. This is followed by a quantitative
analysis of the same circuit combina
tions using digital multimeters to meas
ure current and voltage, ultimately lead
ing to the loop and junction rules. The
meters are then used to obtain 1-V curves
of both bulbs and resistors to better un
derstand ohmic and nonohmic behavior.
Next, the students examine exponential
decay by measuring voltage as a func
tion of time in RC circuits consisting of
resistors, capacitors, switches, and bat
teries.
Last year, during the fifth week, we
asked our students to model the behav

ior of a Playskool child's flashlight.
(The measuring equipment and circuit
elements from each of the previous labs
were still available.) We gave each
group one of the flashlights and in
structed them to produce a detailed cir
cuit diagram using batteries, bulbs, re
sistors, capacitors, and switches to ac
count for their observations. Students
were told that the flashlight operates on
3 V and has a bulb similar to those
studied previously, but they were not
allowed to open the flashlight. As part
of their final report for the dc circuit labs
they were asked to include a discussion
of their schematic and the reasoning be
hind the approximate component val
ues.
The two key tasks in this exercise are
to determine a combination of two

Table I. Bulb condition for switch combinations.
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switches that reproduces the behavior
summarized in Table I and to find values
of circuit components that would cause
the bulb to dim in approximately 20 s.
The problem can be solved with the
schematic shown in Fig. 2. Note that the
main switch is a double-pole single
throw. The right half of this switch is
necessary so that the bulb will be imme
diately extinguished when the main is in
the backward position. The left half is
necessary to prevent the possible charg
ing of the capacitor while the main
switch is in the backward (open) posi
tion. With a working combination of
switches we now need to determine ap
propriate component values. Based on
the previous dc circuit labs, we know
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that the light from the bulbs used is no
longer visible when the voltage is about
one-tenth of the rated voltage. Assum
ing approximately exponential behavior
we use two time constants as the interval
necessary for the bulb to go out, thus the
RC time constant is about lOs. Although
the bulb is nonohmic, over the range that
it is lit the 1-V curve yields an effective
resistance on the order of IOn. With this
resistance value a capacitor on the order
of one farad is needed to produce an
acceptable decay time.4
We make the following observations
based on discussions with students in
the lab and on reading their reports.
First, the better students were able to
make the arguments just given and suc

cessfully model the flashlight. Second,
for the remaining students the most dif
ficult part of the analysis was determin
ing an appropriate switch configuration;
the most common error was a failure to
recognize the need for the double-pole
single-throw main switch. Finally, the
need for a capacitance in the neighbor
hood of one farad was troubling for
many students who indicated that this
large value of capacitance was "unrea
sonable," "impractical," or even "dan
gerous." These are legitimate concerns,
given that in their previous labs they
used 4700-IJ.F capacitors and their text
book5 suggests that practical capacitors
are typically measured in microfarads or
picofarads. To get the time constant of
10 s with the familiar 4700-IJ.F capaci
tors, some added a several-ill resistor
in series with the bulb. Although this
would give the correct decay time, these
students failed to recognize that the cur
rent would be so low that the bulb would
not light.
Regardless of their success in model
ling the flashlight, many students were
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Fig. 2. Possible schematic for flashlight.

uncomfortable with the process of (in
their words) "guessing" at component
values. The fact that they needed to estimate the time constant and the resistance of the bulb to obtain an approximate value for the capacitance was unsettling. This may be due to the fact that
too many of our homework and exam
problems have answers to three significant figures and that nonohmic devices
are usually neglected in the problem
sets.
In addition, we were surprised at
how few students actually attempted to
build a prototype in the lab. Given the
preceding lab work, we had hoped that
this would be a natural part of the modelling process. Those groups that did build
a prototype verified the correctness of

their schematic and
noted the need for
larger capacitors
than were available. Although atR-Ion
tempts to combine
the available capacitors in parallel
fell short, the results were sufficient to convince
the students that
their model was
correct. (An option would be to have I-F
capacitors6 available for students requesting larger values.) Apparently,
many groups did not see the experimental approach as appropriate for this type
of exercise, which some of them termed
a "theory" problem.
Our experience with this exercise
suggests that contact with a real-world
device and its associated complexities
and uncertainties is valuable for students. We need to do more to give students practice with problems in which
estimating and measuring are integral
steps in producing a solution.
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